Decomposition of dry and fresh willow leaves and the dynamics of invertebrates during this decomposition were followed in upstream and downstream Oued Zegzel, Eastern Morocco. A seasonal comparison of the two studied sites stressed the importance of the structure of the benthic fauna in the process of decomposition. The rate of decomposition was faster in summer, following an increase in the biomass of invertebrates. It was slower in winter, when abundances of Chironomidae reached their maxima. The decomposition of willow leaves was faster upstream, where invertebrates biomass was greater. The artificial drying of leaves before their immersion had a positive effect on the activity of invertebrates. Whereas Melanopsis praemorsa preferred the dry leaves during the four seasons in upstream Zegzel, the preference of Hydropsyche maroccana for the fresh leaves in the downstream station changed according to the season. The seasonal variation of leaves quality seems to especially influence invertebrate colonisation, and thereafter the decomposition process in downstream Zegzel.
Introduction
Several studies (Hanlon 1982 , Hildrew et al. 1984 , Chergui & Pattee 1988 , Maamri et al. 1995 , 1997a showed that invertebrates play a very important role in the energy transfer from terrestrial environments towards the aquatic environments. In Oued Zegzel (Eastern Morocco), Maamri et al. (1995) noted a clear relationship over space and time between the abundance of allochthonous particulate organic matter and the biomass of the main trophic groups of invertebrates (shredders, filterer-collectors and gathering-collectors). In addition to their action of fragmentation, the invertebrates accelerate the process of decomposition by stimulating the activity and the growth of micro-organisms colonising organic matter (Mason 1976) . In fact, in the first stages of decomposition, detritivores or shredders only exploit a small energy fraction of the organic matter since 80 to 90 % are left in the environment in the form of faeces (Chergui & Pattee 1992) . These faeces as well as the fine particles produced represent at the same time a substratum and a nutritive source of organic matter for the micro-organisms. After the leaching of the toxic phenolic substances, the micro-organisms colonise the leaves and while increasing their biomass, represent, with the conditioned leaves, a new more appreciatable nutritive source for the invertebrates (Findlay et al. 1984 , 1986 , Harrison 1989 . Thus the role of invertebrates in the decomposition of organic matter in aquatic environments must not be neglected.
In this study, we followed the seasonal and space dynamics (biomass and density) of invertebrates related to willow leaf decomposition in two sites that differed by their physico-chemical and biological characterisAnn. [27] [28] [29] [30] [31] [32] [33] Invertebrate dynamics during the decomposition of dry and fresh willow leaves in Oued Zegzel (Eastern Morocco) tics. These dynamics were compared in the case of dry and fresh leaves during the four seasons in order to explain the difference observed in the rate of decomposition of dead leaves in Oued Zegzel in Morocco.
Material and methods

Sampling sites
The study was performed in Oued Zegzel, a tributary of the Lower Moulouya, in the North-East of Morocco. We chose two stations, one upstream station called S-W Branch and one downstream station called Lower Zegzel. A detailed description of these two stations was given by Maamri et al. (2001) .
Preparation of the leaves
Willow (Salix pedicellata) grows on the banks of Oued Zegzel. Its leaves are deciduous, relatively tender and broad. It provides a great part of the allochthonous particulate organic matter which arrives in the ecosystem (Maamri et al. 1994 ). Senescent leaves were collected at the beginning of each season of the year 1992-1993. Then they were separed in two groups : leaves preserved at 4°C after being were collected, hereafter called fresh leaves, and leaves that were dried at 40°C during 48 hrs, hereafter called dried leaves.
The batches of each category of leaves consisted of 4 bags with 2 mm meshes, altogether containing 60 leaves of known initial weight (dry or fresh). One bag (30 leaves) was preserved for studying micro-organism dynamics (Chergui & Legssyer 1995) whereas the three others (containing 10 leaves each) were used for the study of leaf decomposition. The bags were marked and deposited in both stations at the beginning of each season (March, June, September, December). The total initial fresh weight of batches was corrected by a relationship between fresh and dry weight evaluated at each season as given by Maamri et al. (1997b) .
The fauna of the four bags was sorted and identified, then counted and dried at 110°C during 24 hrs, then weighed in order to determine its biomass in g (evaluated per g dry weight of leaf batches at each date). The trophic groups of the various taxa was given according to Tachet et al. (1987) (Table I) .
Results
Seasonal and spatial variations in decomposition rate
The coefficient of exponential decay was estimated by linear regression of ln-transformed values. The rates of decomposition of willow leaves (both fresh and dried) were faster upstream ( Fig. 1) . The difference between fresh and dried leaves was also greater there in autumn and in spring. It was smaller in winter and summer. In the Lower Zegzel, this difference was also great in autumn.
Seasonal and spatial variations in the fauna
The taxonomic richness and the biomass of the invertebrates varied with season, site, and leaf treatment (dried or fresh). Table I lists the taxonomic groups found in the bags.
In the SW Branch, Melanopsis praemorsa and Caenis sp. dominated on the leaves whereas Hydropsyche maroccana and Chironomidae represented the majority of the downstream fauna.
The contribution of each taxonomic group to the total density of the invertebrates varied from one site to the other and according to the seasons. Indeed, in upstream Zegzel, Gasteropoda (Melanopsis praemorsa) dominated during the four seasons with a minimum of 58 % observed on fresh leaves in winter and a maximum of 86 % observed on dry leaves in spring. Ephemeroptera (Caenis sp. and Choroterpes sp.) represented between 7 % (fresh leaves in spring) and 23 % (dried leaves in Autumn) of the fauna collected. The Diptera (Chironomidae) were very few, with a maximum of 19 % observed on the fresh leaves in winter.
In the Lower Zegzel, Diptera (50 %) co-domined with Trichoptera (43 %) in autumn on dried leaves and dominated on fresh leaves (84 %). In winter the Diptera (Chironomidae) represented more than 90 % of the fauna on both types of leaves. In spring, Trichoptera (32 % and 35 % on dry and fresh leaves, respectively) (2) co-domined with Ephemeroptera (36 % and 25 %) and Diptera (29 % and 37 %). Limnephilidae appeared during this season and were distinctly attracted by the dried leaves (17 individuals, versus 0 on fresh leaves). During the summer the preference of the invertebrates for the fresh leaves was very clear (547 individuals, but only 70 on dried leaves), there were less Chironomidae (23 % and 32 %), and Ephemeroptera (7 % and 3 %), and a clear predominance of Trichoptera (67 % and 58 % on the dried and fresh leaves, respectively). During this season Limnephilidae changed their behaviour and were attracted by the fresh leaves (10 and 33 individuals on the dried and fresh leaves, respectively).
In the SW Branch, the fauna collected was dominated by shredders (Fig. 2) who showed two peaks, one in autumn and one in spring.
In the Lower Zegzel, shredders were fewer and prefered dried leaves in autumn and in spring but fresh leaves in summer. Collectors represented by Caenidae and Hydropsychidae dominated in this station during the four seasons. They showed two peaks on dried leaves : one in autumn and the other in spring. On the fresh leaves, the density of collectors increased linearly to reach its peak in summer. Among theses collectors, Chironomidae showed a clear peak in winter.
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Collectors : C ; Shredders : S ; Predators : P ; Grazers : G ; Trophic groups : TG The difference in invertebrate biomass observed in the SW Branch (Fig. 3) between the two categories of leaves is explained by the predominance of Melanopsis praemorsa and Caenis sp. on the dried leaves. This difference was clear during the four seasons. Biomasses and density values did not coincide.
In the Lower Zegzel, maximum invertebrate biomass (Fig. 4) was observed in autumn on dried leaves and in summer on fresh leaves. The biomass of invertebrates was significant on the dried leaves in autumn and winter and on the fresh leaves in spring and summer (p < 0.05). There was a positive correlation between the biomass of invertebrates and the density of Hydropsyche maroccana (p < 0.05). The preferences of Hydropsyche maroccana changed with the season.
They were attracted by the dried leaves in autumn and winter and by the fresh leaves in spring and summer. Caenidae were most numerous in spring
Discussion
Willow leaf decomposition was rapid in upstream Zegzel and slower downstream. In fact, the predominance of the shredders at the upstream station explains the high values. The slower decomposition downstream was presumably due to the scarcity of shredders.
In addition it was noticed that the rate of decomposition was slower in winter and faster in summer at both stations. This shows the importance of temperature in the process of decomposition (Suberkropp et al. 1975 , Peters et al. 1987 , Maamri et al. 1998 , 1999 . Temperature acts by increasing the activity of the micro-organisms and consequently that of the invertebrates. In upstream Zegzel, Melanopsis praemorsa dominated and showed an autumnal peak and another more significant one in spring. The seasonal dynamics of these shredders coincides with the allochthonous input of coarse organic matter in November and April (Maamri et al. 1994) . In autumn and in spring, the individuals of Melanopsis praemorsa were more numerous but small, whereas in summer they were fewer but larger. This explains the differences observed between the densities and the biomasses. Maamri et al. (1995) and Maamri (2000) made the same observations. The dependence of invertebrates activity upon that of the micro-organisms is quite clear in this station where the invertebrates prefered dried leaves colonised by micro-organisms. The presence of this group is highlighted by the cellulolytic and hydrolytic activity (Chergui & Legssyer 1995) . The behaviour of Melanopsis praemorsa as a shredder who shows automn and spring peaks is controlled by the food value of leaves while basing itself on the nature of the colonising microbial groups. Autumn is characterised by a great fall of willow leaves (Maamri et al. 1994 ) and by a predominance of aquatic hyphomycetes which are very much related to the allochthonous input of organic matter (Chergui 1990 ). This was confirmed by the seasonal cellulolytic and hydrolytic activities which reached their maximum on dried leaves in autumn (Chergui & Legssyer 1995) . Artificial drying influences the rate of decomposition by accelerating the dissolution of soluble substances (Gessner 1991) owing to a disruption of the membrane structure of the cell walls (Harrison & Mann 1975 , Rogers & Breen 1982 . The substances retained by the fresh leaves (phenolic compounds) have an antifungal action and thus delay the attack of the leaves by the micro-organisms, especially aquatic hyphomycetes (Bärlocher, 1990) . Gessner & Dobson (1993) on one hand, and Chergui & Pattee (1993) on the other hand found that artificial drying did not influence the colonisation of alder (Alnus glutinosa) or willow (Salix sp.) leaves by invertebrates. These differences may be due to the nature of the substrates used. In this study we used bags with fine meshes (2 mm) inside which only fauna directly related to the leaves could penetrate. Conversely, Gessner & Dobson (1993) used bags with large meshes (9 mm) and Chergui & Pattee (1993) , used leaf packs ; the fauna collected then included as well invertebrates strictly related to the leaves as those using the bags or the packs as a support.
In downstream Zegzel, the collectors represented by Chironomidae, Caenis sp. and Hydropsyche maroccana dominated and showed seasonal fluctuations. In Autumn, Chironomidae co-dominated with Hydropsyche maroccana, whereas in winter they showed a total predominance. This winter abundance coincides with the maximum of bacterial activity (Legssyer 1993) . Bacteria and Chironomidae are attracted by fine particulate organic matter (FPOM) and dissolved 
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(5)organic matter (DOM) which arrived from upstream Zegzel and which showed a winter peak (February) during the flood period (Maamri et al. 1996) . In the same way, Goulder (1986) described a connection between winter abundance of bacteria related to particles and the abundance of suspended organic matter on one hand, and with flow on the other in the two rivers they studied (Yorshire Ouse and Yorshire Derwent). Following the classification of Tachet et al. (1987) , shredders in the downstream station were represented only by Limnephilidae, Tipulidae and Hydroptilidae. So, how can we explain the maximum decomposition rate observed in autumn on dried leaves in the presence of a very low number of these shredders (12 individuals only) ? We believe that Hydropsyche maroccana would be better classified as both a shredder and a filterer. In fact, Chergui & Pattee (1991) reached the same conclusion following an experimental study : they found that the dried leaves of willow and oleander incubated in the presence of Hydropsyche maroccana lost 13 % and 8 % of their initial weight, respectively, in 30 days. In summer, Trichoptera dominated in the absence of any trophic competition. The shredders represented by Hydroptilidae and Limnephilidae were attracted by the fresh leaves, which coincides with the actual values of biomass on the one hand and the acceleration of decomposition rate on the other. In the same way, Hydropsyche maroccana proved to be very much attracted by fresh leaves (271 individuals found against only 37 on dried leaves).
In the Lower Zegzel, the relationship between micro-organisms and invertebrates was very clear in autumn on dried leaves and in summer on fresh leaves. Dried autumnal leaves disappeared faster following an intense hydrolytic activity of micro-organisms (Chergui & Legssyer 1995) and a massive attack by invertebrates. In summer, invertebrates were attracted by fresh leaves in which was detected a maximum of deshydrogenasic activity (Chergui & Legssyer 1995 ) that influences the rate of decomposition. However it is thought that the micro-organisms which prefer dried leaves in autumn are different from those that prefer the fresh leaves in summer.
The dependence of invertebrates activity on that of aquatic hyphomycetes was shown by Chergui & Pattee (1991) who found that the percentage of assimilation by Melanopsis praemorsa was greater when willow leaves were conditioned by Lemonniera aquatica. The percentage of assimilation was very low in the presence of Tetracladium marchalianum. In addition, Arsuffi & Suberkropp (1984 showed that the invertebrates select the leaves of high food value while basing themselves on the identity of the colonizing aquatic hyphomycetes.
In the same way, by comparing the rate of decomposition of poplar leaves between the autumn/winter and the spring/summer seasons, Garden & Davies (1988) , found that the leaves disappeared faster in the former than in the latter. The slower decomposition during the spring/summer season seemed to be related to a reduction in the microbial activity and biomass. These authors think that the microbial flora which colonises the leaves in spring/summer is less attractive for invertebrates. During our study, the micro-organisms which conditioned the leaves in summer were presumably more attractive than those which colonized them during the other seasons. This microbial group showed a preference for the fresh leaves.
Conclusion
The fungal component seems to play the crucial role in decomposition by its enzymatic ability which makes the leaves more assimilable by shredders. In contrast, the bacterial biomass appears more directly profitable for the filterers and collectors.
However our knowledge of the dynamics and structure of microbial communities in Oued Zegzel, essentially bacterial and protozoan groups, is insufficient for explaining the seasonal variability of invertebrate behaviour towards the leaves.
